A novel type of acetylcholine electrochemical biosensor was successfully fabricated by dropping -cyclodextrin solution, acetylcholinesterase solution and Nafion-methanol solution to the homemade nano-porous pseudo carbon paste electrode (nano-PPCPE) as working electrode, and then the electrochemical behavior of the as-prepared biosensor was studied through the acetylthiocholine iodide (ATChI). It was shown that the modified nano-PPCPE displays a high selectivity and sensitivity. The acetylcholine biosensor showed the linear range from 5 × 10 −6 M to 2 × 10 −4 M with the detection limit of 1 5 × 10 −7 M.
INTRODUCTION
Acetylcholine is a chemical substance released from the nerve cells, and it can transfer information to other nerve cells. 1 Such a information communication between the nerve cells is very important for the health of the whole body, therefore, determination of acetylcholine has important significance on human brain neurotransmission and neuromodulation mechanism. For example, the detection is favourable to the early detection and treatment of diseases (such as myasthenia gravis, etc.). [2] [3] [4] There are lots of methods to detect acetylcholine, such as fluorescent method, 5 mass spectrometry, 6 chromatography-mass spectrometry, 7 and chemiluminescence method, 8 etc. However, due to the low sensitivity, complex equipment, and poor reversibility, the applicability of the above methods is limited, and they are not suitable for rapid detection and real-time or on-line analysis.
Acetylcholinesterase (AChE) is widely distributed in the central neural system and bonded to the cellular membranes of excitable tissues, [9] [10] [11] [12] [13] [14] [15] [16] and is a key enzyme with a significant role in the nerve impulse transduction. And the specificity of AChE is very strong owing to that AChE only works on the acetylcholine as the center of the substrate. In order to obtain high sensitivity, in this research AChE was fixed onto working electrode to fabricate a new acetylcholine sensor successfully. Compared with the traditional biosenor, the acetylcholinesterase modified electrodes are easy to implement for real-time or on-line testing purposes in the body.
Acetylcholinesterase (AChE, 827 units/mg) was purchased from Sigma. Acetic acid (HAc), -cyclodextrin ( -CD), acetylthiocholine iodide (ATChI, biochemical reagent) and 25% glutaraldehyde (biochemical reagent) were purchased from Sinopharm Group Chemical Reagents Co., Ltd. (Shanghai, China). 5% Nafion-methanol solution was purchased from Shanghai Hesen Electric Co., Ltd. (Shanghai, China). All other reagents were of analytical grade.
To check the electrochemical behavior of the as-prepared biosensor, an electrochemical workstation PGSTAT302N (Metrohm) was utilized with the nano-PPCPE 17 or the carbon paste electrode (CPE) 18 as the working electrode, a saturated calomel electrode as the reference electrode, and a Pt electrode as the counter electrode to form a three-electrode system.
To pH = 7 4) at 1:4, and formed 5% glutaraldehyde solution) were mixed with 40 L 0.2 M HAc. 3 L of the above solution was coated onto the nano-PPCPE or CPE surface and air-dried at room temperature. Then 3 L of the AChE enzyme solution (100 L of PB (0.1 M, pH = 7 4) containing 0.2 mg of AChE) was also coated onto the nano-PPCPE or CPE surface and air-dried at room temperature, too. Finally, 3 L of 5% Nafion-methanol solution was dripped onto those electrodes, allowing the solvent to air dry to form the AChE electrochemical biosensor.
For the above three-electrode system, electrodes were placed into the PB (0.1 M, pH = 7 4) blank solution and 2 × 10 −4 M ATChI of PB (0.1 M, pH = 7 4) solution for cyclic voltammetry measurements. As shown in Figure 1 , we could see that the modified nano-PPCPE obtained an oxidation peak at about 625 mV, while no such a peak was found for the blank solution (Fig. 2) . The oxidation peak was attributed to the oxidation of thiocholine arosed from the hydrolysis of ATChI, catalyzed by immobilized AChE. And the Figure 1 also showed that the modified nano-PPCPE electrochemical response signal and current intensity of the ATChI are stronger than the modified CPE, indicating that the modified nano-PPCPE has an excellent electrochemical activity.
Shown in Figure 3 is the effect of scan rate on the electrochemical property of the modified nano-PPCPE (CV of 2×10 −4 M ATChI in PB (0.1 M, pH = 7 4) aqueous solution on the nano-PPCPE under different scan rate: 0.02 v/s∼0.12 v/s), we could see that along with the increase in scanning rate, the peak current intensity is increased, while the peak potential moved toward positive direction slightly. Moreover, as shown in Figure 4 (the relationship between the current and the scan rate), we could see a straight line with the linear equation y = 172 14286x + 3 9 and the linear correlation coefficient R = 0 9928, implying that the reaction belongs to surface adsorption process.
Furthermore, the linear range and detection limit of the as-frabricated nano-PPCPE were tested by linear sweep voltammetry (LSV). As demonstrated in Figure 5 such as lactic acid, glucose, ascorbic acid, urea and uric acid did not interfere with the determination of ATChI (not shown here), meaning that those substances almost have no effect on ATChI determination and the present nano-PPCPE has good selectivity for checking ATChI. This is because the AChE catalysis for ATChI is special, and the Nafion membrane exerts significant inhibition effect on ascorbic acid. Therefore, the ATChI electrochemical biosensor based on nano-PPCPE as described here displays a good selectivity. From all above, a novel ATChI electrochemical biosensor based on nano-PPCPE has been successfully fabricated for quantitative determination of ATChI. It was shown that the present biosensor has rapid current response to ATChI, and shows high sensitivity, good reproducibility, stability and strong anti-interference ability, showing great significance in the practical application. Although nanotechnology has found many application in biomedical scopes, We believe the present biosensor will be of great significance for practical application.
